Renal cellular transport of exogenous glutathione: heterogeneity at physiological and pharmacological concentrations.
Properties and kinetics of GSH transport into proximal tubular (PT) and distal tubular (DT) cells from rat kidney were determined to validate further the hypothesis that cellular differences in handling of GSH contribute to the greater susceptibility of DT cells to oxidant injury. PT and DT cells were incubated with a broad range of GSH concentrations, encompassing physiologically relevant (0.001 to 0.1 mM) to pharmacological (0.25 to 5 mM) levels of GSH. GSH uptake in PT cells was rapid, exhibiting an overshoot with a maximum at 1-min incubation. GSH uptake in DT cells reached maximal intracellular levels at 2- to 5-min incubations. GSH uptake in PT cells was resolved into two kinetically distinct processes, with Km values of 41.7 and 540 microM and Vmax values of 183 and 4885 pmol/min per 10(6) cells. In contrast, GSH uptake in DT cells was best described by one process, with Km and Vmax values of 1480 microM and 2094 pmol/min per 10(6) cells, respectively. Rates of GSH synthesis from 1 mM precursor amino acids were approximately 3-fold faster in PT cells, but rates of cysteine accumulation were 3.5-fold faster in DT cells. Accumulation of intracellular GSH in PT cells was 8-fold faster after incubation with 1 mM GSH than after incubation with 1 mM precursor amino acids. At both a physiological (10 microM) and a pharmacological (5 mM) GSH concentration, uptake exhibited marked Na+ and energy dependence, sensitivity to substrates for the organic anion and dicarboxylate carriers, and sensitivity to various gamma-glutamyl amino acids in PT cells only. Na+-dependent GSH uptake in PT cells was accounted for completely by activity of the organic anion and dicarboxylate carriers. These results indicate that DT cells possess limited capacity to transport GSH and suggest that exogenous GSH may not be effective in protecting other segments of the nephron besides the PT region from oxidants or other agents that alter GSH status.